Angiotensin-converting enzyme gene (ACE) insertion/deletion (I/D) polymorphism have long been linked to sporadic Alzheimer disease (SAD), but the established data remained controversial. To clarify this inconsistency, a comprehensive meta-analysis was conducted. Through searching of Pubmed, Embase, Alzgene, China National Knowledge Infrastructure (CNKI) and manually searching relevant references, 53 independent studies from 48 articles were included, involving a total of 8153 cases and 14932 controls. The strength of association was assessed by using odds ratios (ORs) with 95% confidence intervals (CIs). Further stratified analyses and heterogeneity analyses were tested, as was publication bias. Overall, significant associations were revealed between I/D polymorphism and SAD risk using allelic comparison (OR = 1.09, 95%CI = 1.01-1.17, p = 0.030), homozygote comparison (OR = 1.17, 95%CI = 1.01-1.34, p = 0.030) and the dominant model (OR = 1.16, 95%CI = 1.04-1.29, p = 0.008), but they were not sufficiently robust to withstand the false-positive report probability (FPRP) analyses. Otherwise, in subgroup analyses restricted to the high quality studies, the large sample size studies and studies with population-based controls, no significant association was observed in any genetic models. In summary, the current meta-analysis suggested that the ACE I/D polymorphism is unlikely to be a major determining factor in the development of SAD.
Introduction
Alzheimer's disease (AD) is the most common form of dementia in the elderly, and it is characterized by progressive memory loss and cognitive dysfunction [1] . Although some AD cases are familial, about 90% are sporadic [2] . Sporadic Alzheimer's disease (SAD) is considered to be a multifactorial disease with a complex interaction of both genetic and environmental factors [3] . One of the proposed mechanisms for SAD is the amyloid hypothesis, which suggests that deposition of beta-amyloid (Ab) is a primary event in the pathological cascade for SAD [4] . The balance between the expression and the degradation of Ab changes, and aggregate of Ab would cause complex reactions, such as phosphorylation of protein Tau [5] , loss of neurotransmitter [6] and finally formation of senile plaques (SP), as well as intracellular neurofibrillary tangles.
Recently, growing evidence has implicated angiotensin-converting enzyme (ACE), a zinc metalloprotease widely expressed in brain, as a possible modulator of Ab metabolism [7] . The ACE gene is located on chromosome 17q23 and consists of 26 exons and 25 introns. The most common polymorphism of ACE gene is the insertion/deletion (I/D) variant of 287 base pairs in intron 16 , which has been suggested to be associated with serum ACE protein levels [8] , the specific activity of ACE protein domain [9] , the transcriptional activity of ACE gene promoter region [10] and resulted in the susceptibility to SAD. A study published in 1999 first reported the association between the I/D polymorphism and SAD in a combined sample of three case-control samples from the United Kingdom [11] . Since then, a great number of studies have been performed on this polymorphism with SAD risk in different populations but have generated equivocal results. Therefore, in [2003] [2004] [2005] , three meta-analyses [12] [13] [14] have been published and implied possible association of the I/D polymorphism on AD risk. However, there were more and further single studies after 2005. Hence, an updated meta-analysis combining all available studies was performed to derive a more precise estimation of this relationship.
Materials and Methods

Literature search
This meta-analysis was performed according to the methodology advocated by the PRISMA statement [15] . All studies included in the meta-analysis were selected by searching the Pubmed, EMBASE, Alzgene and China National Knowledge Infrastructure (CNKI) databases up to May 2014 using the following keywords: ''(Alzheimer or AD) and (angiotensinconverting enzyme gene or ACE) and (polymorphism or variant or genotype)''. In addition, the reference lists of reviews and retrieved articles were checked for potential studies. Articles that reported results from more than 1 population were considered as separate studies. Only studies published in English or Chinese were included.
Inclusion criteria
The studies included in the meta-analysis were required to meet the following criteria: (1) case-control or cohort design; (2) association between I/D polymorphism and SAD risk; (3) application of standardized clinical or pathologic criteria for the diagnosis of SAD; (4) sufficient genotype distributions for calculation of odds ratios (ORs) with 95% confidence intervals (CIs);
The following were excluded: (1) reports with incomplete data; (2) review articles, abstracts, case reports; (3) studies based on familiar Alzheimer's disease (FAD) or mild cognitive impairment (MCI); (4) studies about other ACE polymorphisms. When the articles contained duplicated data, the most recent or complete studies were selected.
Data extraction
Data were extracted from eligible articles independently by two of the authors, with any disagreement resolved by consensus. The following information was collected in a predefined data collection form: first author's name, publication year, country, geographical location of participants (North European, South Caucasian, Asian, etc), sample size, AD diagnosis criteria, genotyping methods, source of controls, risk allele frequency in controls, results of Hardy-Weinberg equilibrium (HWE) in controls and quality assessment of studies.
Quality score assessment
The quality of each study was independently assessed by two authors who used quality scoring criteria modified from previous studies [16, 17] (Table S1 in File S1). The modified criteria cover the representativeness of cases, the credibility of controls, genotyping examination, association assessment and total sample size. Quality scores ranged from 0 point (worst) to 12 points (best). Studies scoring higher than 9 points were classified as high quality.
Statistical analysis
First, deviance from HWE was assessed for the controls of each study using the chi-squared test. Second, genotype distributions of controls were used to estimate the frequency of the putative risk allele (I allele) in various geographic location using the inverse variance method [16] . Third, we mainly examined the overall effects for I/D polymorphism. Briefly, the pooled ORs along with their corresponding 95% CIs were estimated for allelic comparison (I vs D), additive model (homozygote comparison: II vs DD; heterozygote comparison: ID vs DD), the recessive model (II vs ID+DD) and the dominant model (II+ID vs DD).
Cochran's Q statistic was used to test for heterogeneity, and the percentage variability of the heterogeneity between studies was quantified using the I 2 statistic. Thus, I 2 values around 25%, 50% and 75% would indicate low, medium and high heterogeneity respectively [18] . The random-effect model (DerSimonian-Laird) [19] was used to assess pooled ORs when I 2 (%).50% or P (Q), 0.10. Otherwise, the fixed-effect model (Mantel-Haenszel) [20] was used. Subgroup analyses were performed, when feasible, according to geographic location (ethnicity), sample size, quality appraisal score, genotyping methods, source of controls, and publication time. In addition, a meta-regression procedure was adopted to find potential sources of heterogeneity [21] . Further, Galbraith plots were used to visualize the impact of individual studies on the overall homogeneity, which identified the outliers as possible major sources of heterogeneity [22] . Cumulative metaanalyses of associations for I/D polymorphism were also performed to investigate the trend and the stability of risk effects as evidence accumulated over time (by publication year). In addition, sensitivity analyses were carried out to evaluate the stability of the results through sequential removal of each study or after excluding those studies that deviated from HWE. Moreover, sensitivity analyses limited to only the English-language studies were conducted to investigate the influence of Chinese-language studies on the overall meta-analysis. Publication bias was assessed graphically by funnel plots [23] and formally by Egger's tests [24] and Begg's tests [25] , given a significant value of 0.05. All of the above analyses were conducted using RevMan 5. For each statistically significant association, the false-positive report probability (FPRP) analyses were performed using the method reported by Wacholder et al [26] . The FPRP value is determined by the p value, the prior probability for the association, and statistical power. We calculated FPRP assuming a prior probability of 0.001 as previously proposed [27] for candidate gene analyses. Statistical power was based on the ability to detect an OR of 1.5, with a equal to the observed p value. An FPRP cutoff value of 0.2 was used [26] and only the results with FPRP value less than 0.2 were referred as noteworthy. Statistical power and FPRP analyses were computed using the Excel spreadsheet provided by Wacholder et al [26] .
Result
Study characteristics
A total of 166 relevant articles were initially identified from Pubmed, EMBASE, Alzgene and CNKI databases. After titles and abstracts were screened, 93 articles were excluded because of irrelevant data. The full texts of the remaining 73 records were carefully reviewed (Fig. 1) . Among these articles, 16 articles were about other ACE SNPs; two articles were excluded because of FAD [28] or MCI data [29] ; four articles were excluded due to case reports [30] or review papers [31] [32] [33] ; four articles were excluded owing to overlapped [34] [35] [36] or insufficient data [37] . Manual search of references cited in the published articles revealed one additional article [38] . Four of the eligible articles [11, [39] [40] [41] contained data from 9 independent studies. Therefore, 48 articles including 53 studies were included in the present meta-analysis [11, 12, 14, . Among these studies, a total of 18 studies reported on North European populations; 14 studies on South Caucasians (defined here as from the Mediterranean or Jews); 15 studies on Asians and 6 studies on other ethnicities. Deviation of HWE was detected in the control subjects of eight studies [39, 40, 48, 50, 52, 64, 66, 71] . The flowchart for the process of including/excluding articles is shown in Figure 1 , and the characteristics of all included studies are summarized in Table 1 .
Pooled prevalence of I/D polymorphism in controls
Overall, the eligible studies included 8153 cases and 14932 controls, and all these samples were genotyped. The pooled frequencies of the ACE I allele in control populations demonstrated variation among geographic location/ethnicity groups. Frequencies of the I allele were highest among Asians (59.3%, 95%CI = 54.5-63.9%, using random-effect model), followed by North Europeans (46.9%, 95%CI = 46.2-47.7%, using fixed-effect model) and South Caucasians (39.7%, 95%CI = 36.6-42.8%, using random-effect model). Sensitivity analyses excluding the HWE-deviated studies showed similar results.
Meta-analysis results
Summaries of the odds ratios for different comparisons were provided in Table 2 . In brief, the associations between I/D polymorphism and SAD risk were revealed using allelic comparison (OR = 1.09. 95%CI = 1.01-1.17), homozygote comparison (OR = 1.17, 95%CI = 1.01-1.34) and the dominant model (OR = 1.16, 95%CI = 1.04-1.29). However, FPRP values at the pre-specified prior probability of 0.001were all higher than 0.2 ( Table 3 ), indicating that the associations were not noteworthy. Otherwise, the recessive model showed no significant association in the overall comparisons and all subgroup analyses.
When studies were stratified by sample size ( Figure 2 ) and quality appraisal score (Figure 3 ), the significant associations were especially found in studies with small sample size and the low quality subgroup (Table 2 ). However, FPRP analyses suggested that the positive results were weak evidence of true associations (Table 3) . Otherwise, it was noted that the significant associations between I/D variant and SAD risk disappeared when we restricted to the large sample size studies and the high quality studies ( Table 2) .
We also investigated potential influence arising from the use of different genotyping method (genotyping with insertion-specific primers prevents mistyping of ID to DD and is thus considered to be more accurate compared with the original method [83] ) ( Table 2) . No statistically significant finding was observed in either the PCR with original primers subgroup or the PCR with insertion-specific primers counterpart, with one exception: a fragile significant finding was seen in the latter subgroup for the dominant model (OR = 1.17, 95%CI = 1.0121.35), while it was not sufficient robust to withstand the FPRP analysis (Table 3) .
When studies were stratified by source of controls (Table 2 ), significant elevated SAD risks were associated with the I/D polymorphism in the non population-based control subgroup for Table 2 . Summary odds ratio and heterogeneity of the I/D polymorphism on SAD risk. (Table 3) . The data were additionally stratified by publication time (Table 2) The cumulative meta-analysis also illustrated that the exaggerated effect was observed in the earliest study and the accumulated evidence hovered around the conventional 5% significance level until 2002 ( Figure S1 ).
In the subgroup analysis by geographic location (Table 2) , significantly increased risks were found among the North Europeans for allelic comparison (OR = 1.11, 95%CI = 1.012 1.21), homozygote comparison (OR = 1.24, 95%CI = 1.0521. 48 ) and the dominant model (OR = 1.22, 95%CI = 1.0321.45). However, the associations did not pass the FPRP analyses (Table 3) . Otherwise, no associations were detected in South Caucasians, Asians and mixed population groups in any genetic models.
Sensitivity analyses
Sensitivity analyses showed that no single study notably changed the pooled ORs, indicating that the results of this meta-analysis were stable. Furthermore, after exclusion of HWE-deviated studies, the corresponding pooled ORs did not change significantly (Table 2) . However, when we restricted to the English-language studies, only the dominant model between I/D variant and SAD risk remained significant ( Table 2 ), suggesting that a potential language bias was possible. This significant association did not pass the FPRP analysis either (Table 3) .
Heterogeneity analyses
Moderate heterogeneity existed in the overall comparisons (Table 2 ). When we analyzed data by subgroups, heterogeneity was decreased only in several groups, including North European and South Caucasian populations, studies with other ethnicities, studies with non population-based controls. However, heterogeneity was remained in other subgroups (Table 2) . Among all the covariates investigated by meta-regression analyses, sample size (P = 0.023) and publication time (P = 0.009) were factors that contributed to the observed heterogeneity across all studies under the heterozygote comparison (Table S2 in File S1). However, combining with these two factors could only explained 40.48% of the t 2 value in heterozygote comparison, indicating that sample size and publication time could explain part of the heterogeneity, but notable heterogeneity still existed. Otherwise, HWE, language, geographic location, quality of studies, sample size, publication time, source of controls and genotyping methods did not contribute the heterogeneity across the overall studies under other genetic comparisons (P.0.05) (Table S2 in File S1). Galbraith plots spotted at least fourteen studies (studies were spotted as the outliers in at least two genetic models) [11, 45, 47, 50, 56, 64, 65, 71, 72, 77, [80] [81] [82] as the outliers and the possible major sources of heterogeneity in the analyses of total studies (Figure S2a-e) . It was noted that 9 [45, 50, 56, 64, 71, 72, 77, 81, 82] of these 14 studies belonged to Asian subgroup. However, we did not try to reduce the obvious heterogeneity by excluding these fourteen studies because it might be unacceptable and could cause some biases by excluding too many studies [84] .
Publication bias
Funnel plots, Begg's and Egger's tests were performed to assess the publication bias. Funnel plots did not reveal obvious evidence of asymmetry (Figure 4) , and all the p values of Begg's tests and Egger's tests were greater than 0.05 (Table S3 in File S1), providing statistical evidence of the funnel plot's symmetry. Ultimately, the results did not suggest any evidence of publication bias.
Discussion
Previous studies investigating the association between I/D polymorphism and SAD risk have provided controversial results, and most of these studies involved relatively small samples, which were difficult to assess any genetic effects reliably. Meta-analysis has been recognized as an important tool to more precisely define the effect of selected genetic polymorphism on the risk for complex disease [85] . A meta-analysis in 2005 showed that D homozygote was at reduced of AD risk [14] . However, the previous metaanalyses did not cover any studies published in Chinese, which could lead to selection bias and might bias the effect estimate of a meta-analysis. Furthermore, since 2005, sixteen new articles have been published. Hence, to provided the most comprehensive assessment of the association between I/D polymorphism and SAD risk, an updated meta-analysis of all available studies was performed. And our meta-analysis indicated that the ACE I/D polymorphism is unlikely to be a major determining factor in the development of SAD. We believed that our results have made much more powerful and detailed analyses to support our results. First, more studies were included in our meta-analysis. Second, more comprehensive subgroup analyses were conducted, and no significant associations were found when we restricted to the high quality subgroup, the large sample size subgroup and the population-based controls subgroup. Finally, to avoid false positive findings, the FPRP analyses were performed for all significant findings observed in our analyses. And none of these significant associations passed the FPRP analyses, indicating that these associations were weak.
Too many reports of associations between genetic variants and complex diseases were false positive [86] . Many false-positive results were likely to be published due to the widely used significance threshold of p,0.05. Therefore, this meta-analysis adopted FPRP analyses, which is based not only on the observed p value but also on both the statistical power and prior probability of the hypothesis, making our results more reliable [26] .
Moderate heterogeneity between studies was identified for all genetic models in the overall comparisons. Common reasons of heterogeneity may include differences in the studied populations (e.g., geographic location), or in sample selection (e.g., source of controls, HWE), or in methods (e.g., genotyping methods), or it may be due to interaction with other risk factors (e.g., sample size, study quality and publication time). The meta-regression analyses indicated that the potential sources of heterogeneity for heterozygote comparison were sample size and publication time. However, the sources of heterogeneity for the other models were not found, suggesting that heterogeneity might also be explained by other confounding factors. Nevertheless, when studies were stratified by geographic location, the heterogeneity was higher in the Asian subgroup while it was decreased in other populations. It was the same with the results of Galbraith plot analyses, which spotted at least 14 studies as the outliers and 9 of these 14 studies Table 3 . False-positive report probability values for associations between SAD risk and I/D polymorphism. Bold values indicated that the prior probability ,0.2. doi:10.1371/journal.pone.0111406.t003
belonged to the Asian subgroup. These two analyses provided evidence that a combination of heterogeneous studies from the Asian subgroup contributed to the moderate heterogeneity of overall analyses. However, in the Asian subgroup, meta-regression did not find any sources of heterogeneity (data not shown), suggesting that the heterogeneity in the Asian subgroup might be explained by other confounding factors. In general, more rigorous and uniform studies were required. In the present study, results from populations with different genetic backgrounds were not the same. The combinations of the South Caucasians studies and the Asian studies showed no significant results. However, results from the North European subgroup were distinct and the pooled ACE I allele frequency of the controls showed a modest difference across ethnicities (North European studies: 46.9%; South Caucasian studies: 39.7%; Asian studies: 59.3%). These inconsistent data may be explained by the different genetic background across ethnicities. Nevertheless, owing to the greater FPRP values of significant associations in the North European subgroup, the observed ethnic difference in this meta-analysis was also likely to be caused by chance because continued reliance on the standard p value criterion of 0.05 to define statistical significance without consideration of power or prior probability may generated a fluctuated risk estimate [26] . Thus, large and carefully designed studies on ethnicity difference were also needed to provide the best evidence for these possible associations.
When studies were stratified by sample size, significant elevated SAD risks were associated with the I/D polymorphism in the small sample size subgroup. However, small sample with limited participants was often accompanied with selection biases, and lacked sufficient power to support or deny an association [87] . It was therefore speculated that the small sample size subgroup might overestimate the magnitude of association between I/D variant and SAD risk. Moreover, these significant associations in the small sample size subgroup were weak as they did not pass the FPRP analyses. Finally, when we restricted to the large sample size subgroup, no statistically significant finding was observed in any genetic models.
In the stratification analysis by source of controls, significant associations were observed using heterozygote comparison and the dominant model in the non populations-based subgroup. However, the genotype distributions in the non population-based studies may not be representative of the general population. Given the fact that these associations were not noteworthy (did not pass the FPRP analyses) and no significant association was found in the population-based studies, we thought that this significant association for the I/D variant might be a spurious finding. More and larger population-based studies were required to further clarify the association between I/D variant and SAD risk.
Despite our efforts in performing a deeper analysis, some limitations also exist in our meta-analysis. First, in most overall and subgroup analyses, moderate heterogeneity was detected and might have potential impact in the pooled results. Due to the limited information, subgroup analyses and meta regression according to other confounding factors were not performed. Second, sensitivity analysis limited to English-language studies suggested that a potential language bias was possible. However, we only included studies published in Chinese and English, more studies published in other languages should be concerned. Finally, lack of individual participants' data has restricted further adjustments by other covariables, such as APOE e4 status, gender, etc.
In conclusion, given that all significant associations could not pass the FPRP analyses and no significant association was detected in the high quality studies, the large sample size studies and the population-based studies, we suggest that the ACE I/D polymorphism is unlikely to be a major determining factor in the development of SAD. Figure S1 Cumulative meta-analysis of the relation between ACE I/D polymorphism and risk of SAD (I vs D). Each study was used as an information step. The vertical dotted line is the summary odds ratio. Bars represent 95% confidence interval (CIs) (TIF) Figure S2 Galbraith plots of association between I/D polymorphism and SAD risk. Each number represents a separate study for the indicated association and the number is the number of the respective study included into the meta-analysis (shown in Table 1 File S1 (1) Table S1 Scale used for quality assessment of studies of the association between ACE I/D polymorphism and SAD risk. (2) 
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